Apart from being used for the treatment of malaria fevers, mono-herbal preparation of Ugandan Phyllanthus amarus is widely by local communities in central Uganda, for treatment of bacterial dysentery. However, efficacy studies regarding the mono-herbal extracts of the Ugandan Phyllanthus amarus against Shigella dysenteriae is lacking. The present study was aimed at determined the antibacterial activity of aqueous ethanol crude extracts of whole plant of Phyllanthus amarus against Shigella dysenteriae. Whole plant of Phyllanthus amarus was collected from Wakiso district central of Uganda. Different concentrations (128µg. mL -1 , 256µg.mL -1 and 512µg.mL -1 ) of the ethanol crude extract of whole plant of Phyllanthus amarus were tested against Shigella dysenteriae using agar well diffusion method. Minimum inhibitory concentration (MIC) was determined using broth tube dilution method while Minimum bactericidal concentration (MBC) was determined by culture method. The results of this study showed that, Shigella dysenteriae was sensitive to different concentrations (128µg.mL -1 , 256µg.mL -1 and 512µg.mL -1 ) of ethanol crude extract of whole plant of Phyllanthus amarus possessed antibacterial against Shigella dysenteriae with mean and standard error mean zone of inhibition ranging from 11.5±0.5 to 13.5±0.5mm, while the positive control had mean and standard error mean zone of inhibition 24.5±0.5mm. The MIC and MBC of the ethanol crude extract of whole plant of Phyllanthus amarus against Shigella dysenteriae was found to be 32µg.mL -1 and 64µg. mL -1 respectively. This study found that the whole plant of phyllanthus amarus of ethanol crude extract was active against Shigella dysenterie. Further study should be carried out test whole plant Phyllanthus amarus crude extract on different microorganisms that cause dysentery to find out its activity against them and spectrum, determine lead compound in the whole plant Phyllanthus amarus crude extract responsible for the anti-microbial activity against Shigella dysenteriae and also determine the mechanism of action by which this plant crude extract inhibits Shigella dysenteriae.
INTRODUCTION
The use of medicinal plants as alternative medicine is currently being given more attention worldwide (Flora and Folasade, 2008; WHO, 2017) . In Africa, traditional herbal medicines are widely used informed of concoction in hot or cold water, foods and drinks for the treatment of many infectious diseases including dysentery caused by bacteria and non-bacterial agents (Senjobi et al., 2017). Antibiotic resistant organisms have created a global threat as far as management of many diseases especially among immunocompromised patient (UNAS, 2015; WHO, 2017; CDC, 2017). Worldwide, the burden of infections caused by Shigella spp was estimated to be 80-165 million cases of disease and 600,000 deaths annually (CDC, 2017). In Uganda, the burden of infections caused by all bacteria was reported to be 20% including dysentery caused by shigellae (UNAS, 2015). The burden of antibiotics resistance caused by Shigella spp in Uganda was established by some researchers (UNAS, 2015). In studies conducted between 1997-2007 from different part of the country (Legros et al.,1998; Mpairwe, 2000; Atwiine , 2007; Kajumbula, 2014) showed that, Shigella isolates were resistance to most commonly prescribed antibiotics between 36 and 100% to chloramphenicol, ampicillin and co-trimoxazole, but remained lower -between 0 and < 3% (in three of the four studies) -to quinolones. These showed the needs for new, safe and chief antimicrobial agent(s) against Shigella spp. Literatures have shown that Phyllanthus amarus is used in many countries to treat different diseases. In Africa like Nigeria, Senjobi et al., 2017, reported that, Phyllanthus amarus is used in treatment of gonorrhea, genito-urinary diseases, asthma, diabetes, typhoid fever, jaundice, stomach ache, dysentery, hypertension ringworm and ophthalmic condition. Furthermore, Ogunjobi and Abiala, 2013 reported that the leave of this plant is used in the treatment of stomach pains and haemorrhoids in Kenya and Southwestern Nigeria respectively. Odda and colleagues reported this herb as being used locally to treat malaria fevers in Tororo, Eastern Uganda (Odda et al., 2018). In central Uganda, Phyllanthus amarus (In Luganda local language called Nakitembe/Kabalira mugongo) is used for treatment of bacterial dysentery and this is done by boiling fresh leaves of Phyllanthus amarus in water for about 30 minutes and when cool the patient is given the resultant soup orally amounting to mug cup of about 500ml twice a day for about a week. Despite the wide herbal use of Phyllanthus amarus in the treatment of diarrheal diseases to include dysentery there is a lack of scientific publication as to its efficacy against dysentery caused by Shigella dysenteriae. The present work was aimed to determine the antibacterial activity of whole plant of Phyllanthus amarus ethanol crude extract against Shigella dysenteriae.
MATERIALS AND METHODS

Study design/area and Plant collection
This was experimental laboratory study that determined Phyllanthus amarus ethanol crude extract activity on Shigella dysenteriae. The study was conducted in January -April 2018 at Kampala International Teaching Hospital Western Campus (KIUTH-WC) microbiology laboratory and pharmacology laboratories. The study was conducted according Clinical Laboratory Standard Institute (CLSI, 2009; 2018) The fresh whole plant of Phyllanthus amarus was collected in January, 2018 from Wakiso district central Uganda (00°24′N 32°29′E) where it grows naturally in a banana garden according to the method described by (Sekar et al., 2012).
Drying and pulverization whole plants of Phyllanthus amarus
The collected herb sample was washed, chopped in small pieces and dried in a shade to avoid direct sunshine that could degrade phytochemical due to ultra violet light because the active is not known. The herbs were air dried at room temperature by displaying it on a dry cemented table in pharmacology lab and it was turned daily to prevent fungal attack until complete dryness that was confirmed by weighing every week for three weeks and the constant weight was achieved then the plant was confirmed dry. The dried sample was ground into powder by grinding it using a blender (Md. Murad et al., 2006).
Extraction of whole plant of Phyllanthus amarus
The plant extracts was prepared by using the method of (Alade and Irobi 1993; Bhasha et al., 2014). Extraction was performed by macerating air-dried, powdered of Phyllanthus amarus in 70% ethanol. The ground whole Plant material was weighed, the initial weight of powder was 375g and it was soaked in 3.7 liters of 70% ethanol and put on a mechanical shaker for 72h. After 72h of agitation on mechanical shaker, the mixture was sieved using a clean sieve and after the filtration was made using DRs Watts filtering paper of (0.5µm) pore size in a funnel into a measuring cylinder. The filtrate was put in the drying oven at 50°C for concentration, after concentration the weight of the concentrate (extract) was 17.6g then it was stored in the refrigerator at 4°C for further study.
Isolation and Identification of Shigella dysenteriae
Stool sample was collected and inoculated in Deoxycholate citrate agar (DCA) and Salmonella Shigella agar (SSA) and incubated at 37°C for 24 hour. Shigella isolates was identified base on colony size, color, texture, on Salmonella Shigella agar (SSA medium) colorless on the media. Gram stain, and further confirmation was done using biochemical test such triple sugar iron (TSI) MR, VP, Indole, Citrate, Urease and Motility test (Gaurav et al.,2013) .
Preparation of test crude extracts stock solution
The stock solution of the whole plant crude extract was achieved by diluting 512mg of the extract in 1000ml of sterile distilled water in order to achieve 512mg.L -1 concentration of extract.
Assay of anti-bacterial activity of whole plant ethanol crude extract of Phyllanthus amarus
The test organism was aseptically inoculated (approx. 1-2 x 108cfu.mL -1 ) on sterile Mueller Hinton agar using sterile cotton swab. Using sterile glass cork borers (6 mm in diameter), wells were carefully made on the agar plate without distorting the media. Two hundred micro liters (100μL) of ethanol crude extracts of different concentration (128µg.mL -1 , 256µg. mL -1 and 512µg.mL -1 ) was dispensed into the well. Cipro 5µg.mL -1 sterile distilled water was used as positive and negative controls respectively. Plates were left on the bench for 10 minutes for crude extract to diffuse in medium. The culture plates were then incubated at 37°C for 24 hours. The diameter of the zones of inhibition was taken in millimeters (mm) using a metric ruler (Obiagwu et al., 2011) .
Determination of Minimum Inhibitory Concentration (MIC) using Broth dilution method
Minimum inhibitory concentrations (MIC) of whole plant of Phyllanthus amarus ethanol crude extract were determined on Shigella dysenteriae using tube dilution method (Obiagwu et al., 2011) . Different concentration was prepared from initial concentration512 µg.mL -1 (2µg. mL -1 to 256μg.mL -1 ). Bacterial concentration was adjusted to 0.5 McFarland standard (1-2.0x10 6 cfu.mL -1 ) and 1ml was inoculated in each test tube and incubated for 24h at 37 o C. Two controls were used: one test tube with broth and test organism while the other one contained the broth only. After incubation, the tube with no turbidity next to the one showing turbidity (Microbial growth) was considered as MIC of the extract in question. All extracts that exhibited MIC of 100µg. mL -1 and below were considered worth further investigation and Vice versa (Obiagwu et al., 2011) .
Determination of Minimum Bactericidal Concentration (MBC)
Minimum Bactericidal Concentration was determined according to the method described by (Obiagwu et al., 2011) . Using a sterile wire loop (0.01mL) samples were picked from the broth dilution that didn't show growth (physical turbidity) and inoculated on freshly prepared Mueller Hinton agar and incubated at 37°C for 24 hours. The MBC was determined as the lowest concentration of the extract that allowed less than 0.1% of the original inoculums of 5x10 5 cfu.mL -1 to grow. The plate that shows no growth of the microorganism was considered as the Minimum Bactericidal Concentration (MBC).
Data analysis
The data collected was entered into Excel. All experiment was done in triplicate and the results were presented as Mean ± SEM. Data was analyzed using STATA v14. One way ANOVA test was used to compare between different concentration of whole plant crude ethanol crude extract and positive control and p value ≤ 0.05 was considered statistically significant.
RESULTS AND DISCUSSION
The use of medicinal plants as alternative medicine is given more attention worldwide (Flora and Folasade, 2008; WHO, 2017). The percentage yield obtained was 4.7% from 375g whole plant powder of Phyllanthus amarus used for extraction using 70% ethanol. The antibacterial activity of whole plant of Phyllanthus amarus ethanol crude extract was determined by agar well diffusion method and diameter zones of inhibition were measured in mm. The mean and standard error mean zone of inhibition of different concentration (128µg.mL -1 , 256µg.mL -1 , and 512µg. mL -1 ) the whole plant of Phyllanthus amarus ethanol crude extract against Shigella dysenteriae ranged from 11.5±0.5 to 13.5±0.5mm, while the positive control had 24.5±0.5mm (Table 1 ). There was no activity observed from negative control (sterile distilled water). The comparison between different concentration of whole plant crude extract and positive control using one way ANOVA showed significant different (p < 0.05). The ability of the extract to showed antibacterial activity against Shigella dysenteriae could be due to the presence of phytochemical property of the plant (tannins, sapoins, cardiac glycosides and alkaloids) as reported by (Flora and Folasade, 2008) . Asquith and Butler, 1986) . The test pathogen, Shigella dysenteriae was more susceptible to the ciprofloxacin (5µg.mL -1 ) as the positive control with zone of inhibition at 24.5±0.5mm higher than the ethanol crude extract at all concentrations. The negative control which is the solvent used for dissolving the extract (sterile distilled water) showed no activity. The difference between the activity of the crude extract and the standard antimicrobial drug may be due to the mixtures of bioactive compounds in the crude extract which probably have antagonistic effects against the major bioactive(s) present in the crude extracts compared to the pure compound contained in the standard antibiotic ciprofloxacin. The minimum inhibitory concentration of the whole plant of Phyllanthus amarus ethanol crude extracts against Shigella dysenteriae was determined using broth tube dilution method. The MIC of ethanol crude extract was found to be 32µg. mL -1 (Table 2) . Furthermore, Minimum bactericidal concentration (MBC) of whole plant of Phyllanthus amarus ethanol crude extracts against Shigella dysenteriae was determined. The MBC of the crude extract was found to be 64µg. mL -1 (Table 2) . For test extract whose MIC is <100µg. mL -1 is considered as good candidates to be developed into new drugs. However, the results of this study found that the MBC of the ethanol crude extract of whole plant of Phyllanthus amarus was 64µg/mL -1 . MBC is the lowest concentration of the extract that allowed less than 0.1% of the original inoculum. The crude extract is said to be bacteriostatic if the ratio of MBC: MIC is equal to 4, whereas it is said to be bactericidal when the ratio of MBC: MIC is equal to 2 (Kipre et al., 2017). 
CONCLUSION
The crude extracts of P. amarus whole plant exhibited significant in-vitro antibacterial activity against Shigella dysenteriae thus indicating their positive role, and justifying the ethno medicinal use of the plant parts in traditional medicine. Further study should be carried out to test whole plant Phyllanthus amarus crude extract on different microorganisms that cause dysentery to find out its activity against them and spectrum, determine lead compound in the whole plant Phyllanthus amarus crude extract responsible for the anti-microbial activity against Shigella dysenteriae, determine the mechanism of action by which this plant crude extract act against Shigella dysenteriae.
